During the pen-implantation period significant production of ovine interferon-z (oIFNz) by the trophectoderm is detected in day 13-16 conceptuses, but its level rapidly declines thereafter. To understand molecular mechanisms by which oIFNz gene expression is down-regulated, a variety of deletion constructs were prepared from upstream sequences of the oIFNz gene and examined for possible silencer regions by using transient transfection into human choriocarcinoma, JEG3, cells. Two regions between -700 to -654 bases (distal region) and from -503 to -453 bases (proximal region) were found to be the possible negative regulatory regions. With probes prepared from these regions, gel mobility shift assay (GMSA) was then conducted.
INTERFERON-v (IFNz) is a major peptide produced by the trophectoderm of pen-implantation conceptuses in ruminant ungulates [1] [2] [3] and is considered to have an anti-luteolytic effect, which elicits the process of maternal recognition of pregnancy [3] . Regulation of IFNz gene expression differs from that of IFNa, ~3 or r genes because its expression is not induced by viruses or double stranded RNA. Perhaps more importantly, duration of IFNa, or r expression is a few hours whereas IFNz production lasts more than several days [3] .
Ovine IFNz production can be detected beginning on day 8 of pregnancy (day 0=day of estrus) shortly after the blastocysts hatch from the zona pellucida [4] . Along with trophoblast elongation, oIFNz production in quantity begins on day 12 and reaches its maximum production (100 pg/conceptus/24 hour) on day 16 when the conceptus starts to attach to the endometrium [2] . oIFNz production declines thereafter and is no longer detected on day 22 when the trophoblast fully attaches to the maternal endometrium [2] .
It has been observed that production of oIFNz by the trophectoderm in vitro can be enhanced by the addition of granulocyte macrophage-colony stimulating factor (GM-CSF), interleukin-3 (IL-3) or a protein kinase C (PKC) activator, phorbol 12-myristate 13-acetate (PMA) [5] [6] [7] . The effect of GM-CSF or PMA on oIFNz transcription is further supported by transient transfection studies using human choriocarcinoma cells, JAR or JEG3, which are typically used because of a lack of ruminant trophoblast cell lines [8] [9] [10] . So far, Ets-2 and AP-1 are only transcription factors that have been involved in the transcription of oIFNz gene [11] [12] [13] [14] . However, these transcription factors are very common and are not sufficient to explain temporal/ spatial production of oIFNz by the trophectoderm in vivo.
Possibly, a negative regulatory factor(s) bound to an upstream region(s) of oIFNz gene that may normally suppress its transcription is removed or somehow becomes inefficient during the period of active oIFNz production.
In an earlier study, we determined that enhancer elements existed between -654 and -555 bases [14] and suggested that potential negative regulatory regions may have existed between -1000 to -654 and from -543 to -450 bases of oIFNz gene. In the present investigation, upstream regions representing possible silencer elements were localized using the deletion studies, and potential binding sites for transcription factors were studied by using gel mobility shift assays (GMSAs).
Materials and Methods

DNA constructs
Deletion constructs were prepared as previously described [14] . In brief, upstream sequences of oIFNzo10 amplified by PCR [15] (GenBank Accession number: M88773) were inserted into the pCAT basic vector (Promega, Madison, WI, USA). One of those constructs, -654-oIFNz-CAT, was determined to be the one which gave the highest CAT activity [14] . Constructs lacking the middle portion of -654 -oIFNz-CAT were prepared by using an inverse PCR procedure [16] . Nucleotide sequences of all constructs were confirmed by sequencing.
Cell culture and transient transfection
Human choriocarcinoma, JEG3, cells were plated in six-well plastic microplates and grown to 50-60% confluency. Plasmid DNA (4 tag) were transfected into cells by using TransFastTM (Promega) according to the manufacturer's protocol. After transfection, PMA was added to a 50 nM final concentration, which was an appropriate dose to elicit oIFNz-CAT transactivation [7, 13] .
At 43-48 hour after transfection, the cell extracts were prepared for CAT assay [14] . CAT activities were assayed by the solvent partition method as previously described [14, 17] . CAT activity for each construct relative to the control, -654-oIFNz-CAT, was determined after the value for the CAT basic vector, the mean basal value, was subtracted.
Gel mobility shift assay
The preparation of pregnant ewes and collection of conceptus tissues were described previously [6] . Nuclear extracts were prepared from days 14 and 20 trophoblasts, JEG3 and HeLa cells as described previously [14] . Various oligonucleotide probes covering the possible silencer elements were prepared as shown in Fig. 3 and were labeled by the end labeling method with [y-32P]ATP (NEN, Boston, MA, USA) and T4 polynucleotide kinase (Promega). Nuclear extracts (4 pg) were incubated in the binding buffer containing 50 cg/ml poly(dI-dC) • poly(dIdC), 10 mM Tris-HCI • pH 7.5, 50 mM NaCI, 1 mM MgC12, 0.5 mM DTT, 0.5 mM EDTA and 4% glycerol at room temperature for 20 min with or without a 100-fold molar excess of the competitor. After incubation, 1.75 fmol of 32P-labeled probe were added to the mixture that was incubated for an additional 20 min at room temperature. Reaction mixtures were then applied to 4% polyacrylamide gel in 0.5 x TBE buffer. After electrophoresis, the gels were dried and autoradiographed.
Results and Discussion
In a previous study [14] when a series of deletion constructs were examined, CAT activity declined as the upstream region from -654 to -123 bases was serially deleted. However, significant reduction in CAT activity was not detected in the deletion from -555 to -452 bases . This region was suspected to have a possible silencer activity only when the enhancer element between -654 and -555 bases [14] was located adjacent to this region. To localize a possible silencer element(s) in this region, several plasmids lacking the middle portion of oIFNz gene were prepared as shown in Fig. 1A . The constructs that lacked the region between -543 and -452 or -503 and -452 bases exhibited significantly higher CAT activities than the control, -654-oIFNz-CAT (P < 0.05).
However, the constructs lacking the region between -452 and -123 or -452 and -274 bases did not. These results indicated that the enhancement of CAT activity seen above is not due to the distance or location between basal promoter and enhancer elements, but to a lack of the nucleotide sequences between -503 and -452 bases. Thus, the upstream sequences between -503 and -452 bases could serve as a possible silencer region. A higher degree of suppression, however, was observed when Fig. 1 . Deletion analysis of silencer regions of the oIFNz gene. CAT constructs with oIFNz 5'-deletion mutants were transfected into JEG3 cells that were then treated with 50 nM PMA. Relative CAT activity was expressed as a value relative to that of -654-oIFNz-CAT. Three replicate experiments were conducted and the results are expressed as mean ±SEM. Differences in CAT activity were determined by ANOVA followed by Fisher's multiple comparison test. Treatments with different letters differ (A; P < 0.05, B; P <0.01). Involvement of AP-1 and GATA [14] and Ets2 [11] in oIFNz transcription has been demonstrated previously. a further upstream region of oIFNz gene was examined.
As shown in Fig. 1B , deletion constructs representing the upstream region from -1000 to -700 bases of oIFNz gene exhibited lower CAT activity than that of -654-oIFNz-CAT (P <0.01).
These results suggest that possible silencer elements are located between -700 to -654 bases (distal region) and from -503 to -452 bases (proximal region), both of which are located next to the enhancer region (Fig. 2) . Fig. 3 . Binding properties of JEG3 and HeLa cell nuclear proteins to potential negative regulatory regions. End-labeled oligonucleotide probes (#1-3, distal; #4-6, proximal) designed from the potential regions are underlined. Specificity of DNA-protein complex was assessed by competition assay using 100-fold molar excess of unlabeled competitor (competitor +).
In order to investigate whether possible silencer elements shown in Fig. lA and B could be nuclear factor recognition sites, GMSAs were carried out (Fig. 3) . Previously, JEG3 cells were found to support oIFNz transactivation while HeLa cells did not [13] . Thus, nuclear factors from these cell types were initially examined. However, no differences in gel shift band patterns were observed between JEG3 and HeLa cells; strong bands were observed with probes #l, 2, 4 and 6 while slightly weak bands were detected with probes #3 and 5 (Fig. 3) . Differences in the transcription studies between JEG3 and HeLa cells could not be explained with the results from GMSAs.
On day 14 of pregnancy, a conceptus is at a stage during which large amounts of oIFNz are produced, but on day 20 oIFNz production is reduced remarkably. This suggests that different kinds of trophoblast transcription factors may be functioning between these days. Thus, the nuclear extracts from the trophoblast of day 14 or 20 conceptuses were chosen for the subsequent GMSAs. Similar to the results obtained with nuclear extracts from JEG3 and HeLa cells, strong and distinctive bands were observed in probes #4 and 6 with conceptus nuclear extracts (Fig.  4) . Between nuclear extracts from day 14 and 20 trophoblasts, however, differences in band patterns were observed in probes from the distal region (#1, 2 and 3) and from the proximal region (#5); no bands were observed with nuclear extracts from day 14 trophoblasts.
Among those, probe #2, nucleotide sequences from -692 to -668 bases of the distal region, exhibited the distinct band pattern with nuclear extracts from day 20 trophoblasts. There are several transcription factors possible to bind to these sequences: CdxA (probe #1), AML-la (probe #2), HSF1 and 2 (probe #4) and Oct-1, Nkx-2 and CdxA (probe #6). Difference in protein binding patterns represented by probes #1, 3, 5 and particularly #2 may not be enough to sufficiently explain the degree of oIFNz gene expression between these days. However, the observation in which more GMSA differences were apparent with probes from the distal region may explain the degree of oIFNz gene suppression seen in Fig. 1 . Together, these results suggest that in association with positive nuclear factors, other nuclear factors, yet unidentified, may also participate in the suppression of oIFNz gene transcription toward the end of its expression. In general, several sets of transcription factors bind to the enhancer/silencer elements and achieve specific gene expression in temporal and spatial manners [18] . As evidenced by multiple binding sites in the present investigation, therefore, a combination of transcription factors that are able to form a cluster(s) cooperatively at the possible silencer elements may regulate oIFNz gene expression in a negative manner.
In the present study, we identified the possible silencer regions of oIFNz gene, and demonstrated the binding of these elements and several nuclear factors extracted from day 20 trophoblast and JEG3 and HeLa cells. These results support our postulate that Fig. 4 . Binding patterns of sheep trophoblast nuclear proteins to negative regulatory regions. End-labeled oligonucleotide probes (#1-3, distal; #4-6, proximal) were subjected to GMSAs with day 14 or 20 sheep trophoblast nuclear proteins. Specificity of DNA-protein complex was assessed by competition assay using 100-fold molar excess of unlabeled competitor (competitor +). 
